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บทคดัยอ่ 
วตัถุประสงค์: เพื่อพัฒนาวิธีจ าแนกชนิดทางพฤกษศาสตร์ของเครื่องยา
จนัทน์เทศ จนัทน์หอม จนัทน์ชะมด จนัทน์ขาว และจนัทนา วิธีการศึกษา: ใช้
แก่นของพชืทีม่โีอกาสใชเ้ป็นเครือ่งยาดงักลา่วขา้งตน้ ไดแ้ก่ Santalum album, S. 
spicatum, S.  lanceolatum, Tarenna hoaensis, Mansonia gagei, Diospyros 
decandra และ Myristica fragrans ทดสอบดว้ยปฏกิริยิาเคมตีา่ง ๆ และศกึษาลาย
พมิพข์ององคป์ระกอบทางเคมดีว้ยเทคนิคโครมาโทรกราฟีแบบชัน้บาง (ทแีอลซ)ี 
ผลการศึกษา: พชืแต่ละชนิดใหผ้ลการทดสอบทางเคมแีตกตา่งกนั และมทีแีอลซี
โครมาโทแกรมเป็นเอกลกัษณ์ไม่เหมอืนกนั สรปุ: สามารถจ าแนกแก่นของพชืทัง้ 
7 ชนิดด้วยการทดสอบกับสารละลาย vanillin/กรด sulfuric การทดสอบกับ
สารละลาย 10% potassium hydroxide และการทดสอบด้วยวิธี Liebermann-
Burchard แล้วยนืยนัผลด้วยทแีอลซโีครมาโทแกรมที่ใช้ส่วนผสมของ hexane-
ethyl acetate-methanol (60:30:0.2)  และส่วนผสมของ dichloromethane-
methanol-formic acid (60:10:1) เป็นวฏัภาคเคลือ่นที ่แลว้ตรวจสอบผลดว้ยน ้ายา
พน่ vanillin/กรด sulfuric  
ค าส าคญั: จนัทน์เทศ, จนัทน์หอม, จนัทน์ชะมด, จนัทน์ขาว, จนัทนา, การทดสอบ
ทางเคม,ี โครมาโทกราฟีแบบชัน้บาง  
 
 
Abstract 
Objective:  To develop the method to discriminate the botanical origin of 
crude drugs named Chan- thet, Chan- hom, Chan- chamot, Chan- khao and 
Chan- thana.  Methods:  Heartwoods of Santalum album, S.  spicatum, S. 
lanceolatum, Tarenna hoaensis, Mansonia gagei, Diospyros decandra and 
Myristica fragrans which were likely used as above mentioned crude drugs, 
were examined with various chemical test reactions.  Their chemical 
fingerprints using thin- layer chromatography ( TLC)  were also studied. 
Results:  Each plant species gave different results on chemical tests and 
possessed unique TLC chromatograms.  Conclusion:  Heartwoods of all 
seven plant species could be discriminated by the reactions with 
vanillin/ sulfuric acid, 10% potassium hydroxide solution and Liebermann-
Burchard test.  The results were confirmed by their TLC chromatograms 
developed from hexane- ethyl acetate- methanol ( 60: 30: 0. 2)  and 
dichloromethane-methanol- formic acid ( 60: 10: 1)  as mobile phases and 
detected with vanillin/sulfuric acid spraying reagent.  
Keywords: Chan- thet, Chan-hom, Chan-chamot, Chan-khao, Chan- thana, 
chemical test, thin-layer chromatography    
  
Introduction 
“Chan”  is the name of many Thai crude drugs.  This study 
focused on the crude drugs which are heartwoods with white, 
whitish or grayish color, named Chan- khao, Chan- thet and 
Chan-chamot. These crude drugs are important ingredients of 
many Thai traditional medicinal formulae. In the List of Herbal 
Medicinal Products A.D. 20181, recipes containing these crude 
drugs were used for two symptomatic groups, i. e. 
cardiovascular disorders (Yahom- thiposot, Yahom- theppajit, 
Yahom-navakot, Yahom- kaewingwien and Yahom- inthrajak) 
and fevers ( Ya- khiao- hom, Ya- chantaleela, Ya- prasa-
chandaeng, Ya- prasa- praohyai and Mahanin- tangthong) . 1 
Chan- thet is also used in two anti- flatulence recipes (Yaa 
Mantha-dhatu and Ya-apaisalee).  
In addition to these three crude drugs, two other related 
crude drugs named Chan-hom and Chan-thana, are available 
in Thai traditional drugstores.  Without experience, 
macroscopic characters of these five crude drugs are difficult 
to identify. Their nomenclature system was also confusing and 
different various botanical origins were mentioned in 
textbooks.  
Heartwoods of six plant species were uncertainly suggested 
as their original sources, i.e.  Mansonia gagei (Chan-chamot, 
Chan- hoom, Chan- khao, Chan- phama) , Tarenna hoaensis 
( Chan- khao Chan- thana, Chan- ta- nia, Chan- bai- lek) , 
Santalum album ( Mai- hom- india, sandalwood) , Aglaia 
silvestris (Chan- chamot) , Diospyros decandra (Chan- khao, 
Chan- in, Chan- o, Chan- luk- hom)  and Myristica fragrans 
( Chan- thet, Chan- ban, Nutmeg tree) . 2- 10 However, our 
previous studies found that three latter plant species were not 
currently available in Thai traditional drugstores. In addition to 
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S. album, heartwoods of the other two Santalum species, i.e. 
S. spicatum and S. lanceolatum, were also used as Chan-thet 
and Chan-hom.  Some unknown species were also found as 
Chan- khao and Chan- thana.  Most of Chan- thet and Chan-
hom were used as substitutes, whereas most of Chan- khao 
and Chan-thana were obtained from the same plant species.  
All Chan crude drugs were mostly originated from more than 
one plant species.  Most of Chan- thet and Chan-hom were 
heartwoods of three Santalum species (S. album, S. spicatum 
and S.  lanceolatum) .  Most of Chan- khao and Chan- thana 
were heartwoods of T.  hoaensis, whereas Chan- chamot was 
heartwood of M.  gagei. 11- 13 Heartwoods of these plants 
possessed different chemical compositions.  Santalum had 
volatile oil possessing sesquiterpenes such as santalol 
derivatives, as the main constituents. 14 T.  hoaensis has only 
been reported for geniposidic acid11, whereas the chemical 
compositions of M.  gagei were phenolics15,16 and 
chromones.12 
Correct identification of crude drugs is an important factor 
affecting the quality of medicine.  Unfortunately, Chan- thet, 
Chan-hom, Chan- chamot, Chan- khao and Chan- thana are 
currently not botanically specified.  Therefore, there has been 
a need to correctly identify botanical sources of these crude 
drugs for their correct use. This study aimed to develop simple 
methods to discriminate the possible botanical origins of these 
crude drugs.  Chemical test and thin- layer chromatography 
(TLC) were the suggested techniques.   
    
Methods 
 
Plant materials   
Two authentic samples of the heartwood of S. album, were 
obtained from  two sources namely Professor Dhanushka S. 
Hettiarachchi, Wescorp Group of Companies, Western 
Australia, and Prachuap Khiri Khan Silvicultural Research 
Station, Royal Forest Department of Thailand; while two 
samples of both S.  spicatum and S.  lanceolatum were 
provided solely by Prof. Hettiarachchi. Authentic samples of 
the heartwood of T. hoaensis, M.  gagei, D.  decandra and M. 
fragrans were from the Medicinal Plant Research Institute, 
Department of Medical Sciences.  All samples were ground 
and sieved through 60 mesh sieve. 
 
Chemical tests 
Three grams of the sample were extracted with 20 mL of 
water or 80%  ethanol on a water bath for 5 minutes and 
filtered. The test methods were modified from those described 
in Fransworth’s work17, as follows.  
1.  Test with ferric chloride test solution (9% FeCl3 TS) .  A 
few drops of ferric chloride test solution were added into 1 mL 
of the extract.  The compounds with the phenolic functional 
group will produce a blue, green or brown to blackish color.  
2. Test with 2% gelatin solution. A few drops of 2% gelatin 
solution were added into 1 mL of the extract.  Tannins will 
produce white opaque precipitates.  
3. Foam test. One mL of the extract was diluted with 1 mL 
of distilled water and then vigorously shaken.  Saponins will 
produce persistent foam which lasts for at least 15 minutes.  
4.  Shinoda test.  Two pieces of magnesium ribbon and 3 
drops of conc. hydrochloric acid were subsequently added into 
1 mL of the extract. Flavonoids will produce a reddish-orange 
or magenta color.  
5.  Test with Dragendorff’s reagent.  Two mL of the extract 
was evaporated to dryness, and re-dissolved with 2 drops of 
10% sulfuric acid solution. The clear solution was transferred 
and tested with 1 drop of Dragendorff’s reagent. Alkaloids will 
produce orange-red precipitates. 
6.  Liebermann-Burchard test.  Two mL of the extract was 
evaporated to dryness, and re-dissolved with 2 drops of acetic 
anhydride.  One drop of conc.  sulfuric acid was added. 
Steroids and triterpenoids will produce a bluish-green and a 
purplish-red or brownish-red color, respectively.  
7.  Test with vanillin/ sulfuric acid.  One drop of 1% vanillin 
solution in ethanol and 1 drop of conc.  sulfuric acid was 
subsequently added into 0. 25 mL of the extract.  In general, 
terpenoids and phenolic compounds will produce a purple and 
a red color, respectively. 
8. Test with conc. sulfuric acid. One drop of conc. sulfuric 
acid was added into 0. 5 mL of the extract.  In general, 
terpenoids will produce a purple color.   
9.  Test with Kedde’ s reagents.  Two drops of Kedde A 
reagent were added into 1 mL of the extract. The mixture was 
mixed well, and subsequently added with a few drops of 
Kedde B reagent. The compound with the unsaturated lactone 
ring will immediately produce a purple color. 
10.  Modified Borntrager test.  Six mL of the extract was 
concentrated to 3 mL, added with 3 mL of 10% sulfuric acid 
solution and boiled for 2 minutes. The mixture was partitioned 
with 1 mL of ethyl acetate.  The ethyl acetate extract was 
transferred into a test tube and vigorously shaken with 1 mL 
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of 10%  potassium hydroxide solution.  Anthraquinones will 
produce a pinkish-red color in potassium hydroxide layer.  
11. Test with 10% potassium hydroxide solution. One drop 
of 10% potassium hydroxide solution was added into 0. 5 mL 
of the extract. The compounds with conjugated -bonds may 
change in color. 
 
Thin layer chromatography 
Five hundred milligrams of the sample were extracted with 
3 mL of methanol by sonication for 30 minutes.  The 
supernatant was used as a sample solution. Twenty L of the 
sample solution was applied as a 10 mm band by Linomat 5 
(Camag, Switzerland)  on the silica gel 60F 254 thin- layer 
chromatography plate (Merck 5554). The plate was placed in 
a chromatography tank saturated with mobile phase:  ( 1) 
hexane- ethyl acetate- methanol ( 60: 30: 0. 2)  or ( 2) 
dichloromethane- methanol- formic acid ( 60: 10: 1) .  The 
developing distance was 10- cm long.  After air- drying, the 
chromatogram was detected under UV at 254 and 366 nm, 
and visually observed after spraying with ( 1)  1%  vanillin 
solution in ethanol, over sprayed with 5% sulfuric acid solution 
in ethanol and heated at 110 C for 5 minutes, or (2)  5% 
potassium hydroxide solution in ethanol ( immediately 
observed the result) , or ( 3)  2%  acetic anhydride solution 
(freshly prepared), over sprayed with 5% sulfuric acid solution 
in ethanol and heated at 110 C for 5 minutes.  
 
Results and Discussions  
 
Chemical tests   
The chemical reaction is a simple technique for screening 
phytochemicals in plant materials.  It is one of the methods 
used for crude drug identification according to the Herbal 
Pharmacopoeia. 18 This study examined the heartwoods of S. 
album, S. spicatum, S. lanceolatum, M. gagei and T. hoaensis, 
which are the sources of crude drugs named Chan-thet, Chan-
hom, Chan-chamot, Chan- khao and Chan- thana.  Water and 
80% ethanol were used as the solvents for sample preparation 
dependent on the solubility of the tested phytochemicals. 
Various chemical reactions were tested and the suitable ones 
that could discriminate samples were selected.  In addition, to 
obtain the most specific methods, heartwoods of M.  fragrans 
and D. decandra were also included into the experiment. Even 
though they were not currently used, they were possibly 
confused with the heartwoods of the above species.  The 
results are shown in Table 1.  All samples gave negative or 
only weak positive results to gelatin solution, conc.  sulfuric 
acid, Dragendorff’ s reagent, Kedde’ s reagents, foam test, 
Shinoda test and modified Borntrager test.  Tests giving clear 
positive results of each plant sample could be described as 
follows.  
Heartwoods of all three Santalum species in this study gave 
an obvious magenta color with vanillin/ sulfuric acid.  It was 
expected to be the positive reaction for terpenoids19, which 
are the main constituents in volatile oils of Santalum. 20 All 
three Santalum samples were also positive to ferric chloride 
solution in accordance with their phenolic constituent.20  
Liebermann- Burchard test gave the distinguished results 
among three Santalum species.  S.  spicatum produced an 
intense greenish or bluish color mixed with a pale purplish-red 
color, whereas it was a pale purplish red color for S.  album 
and a pale mixed color of purplish red and green for S. 
lanceolatum. 
Liebermann- Burchard is the test for steroids and 
triterpenoids. However, there has never been a report of these 
compounds from the heartwoods of these plant species.  To 
prove whether it was the false positive reaction with conc. 
sulfuric acid without the need for acetic anhydride, tests using 
only conc.  sulfuric acid were confirmed.  The results of S. 
album and S.  lanceolatum were a pale purple color, whereas 
S.  spicatum was negative.  Therefore the test results of 
Liebermann-Burchard test was not false positive and could 
distinguish S. spicatum from the other two Santalum species. 
The other confirmatory test was the reaction with 10% 
potassium hydroxide solution. Although all Santalum samples 
produced a reddish-brown color, the result of S.  lanceolatum 
was the strongest and could differentiate S. lanceolatum from 
the others. A replicate of all Santalum authentic samples was 
tested and similar results were confirmed.  
Heartwood of T.  hoaensis gave positive results to ferric 
chloride solution and Liebermann-Burchard test in accordance 
with its previously phytochemical screening report. 20 There 
has been a lack of study on the heartwood of this plant. 
Geniposidic acid, which is an iridoid or monoterpene lactone, 
was the only report of its chemical constituent. 11 It was 
expected to give the positive clear purple color to 
vanillin/ sulfuric acid.  T.  hoaensis also gave a bright yellow 
color to 10% potassium hydroxide solution, but the chemical  
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 Table 1  Test results of chemical tests (-, +, ++, +++ and ++++ are negative, weakly positive, positive, clearly positive and 
strongly positive, respectively).  
Test 
S.
 a
lb
um
 
S.
 s
pi
ca
tu
m
 
S.
 
lan
ce
ol
at
um
 
T.
 h
oa
en
sis
 
M.
 g
ag
ei 
M.
 fr
ag
ra
ns
  
D.
 d
ec
an
dr
a 
Water extract 
FeCl3 TS ++ 
(brown) 
++  
(brown) 
++++ 
(greenish-black) 
+++ 
(brown) 
+++ 
(brown) 
+++ 
(brown) 
+ 
(brown) 
Gelatin solution - - + - - ++ - 
Foam test - + + - - + + 
80% Ethanol extract 
FeCl3 TS ++++ 
(blackish) 
++++ 
(blackish) 
++++ 
(blackish) 
++++ 
(blackish) 
++++ 
(blackish) 
++++ 
(blackish) 
+ 
(brown) 
Vanillin/H2SO4 ++++ 
(magenta) 
++++ 
    (magenta) 
++++ 
     (magenta) 
+++ 
(purple) 
- ++++ 
(reddish-pink) 
- 
10% KOH + 
(reddish-brown) 
+ 
(reddish-brown) 
+++ 
(reddish-brown) 
+++ 
(bright yellow) 
+++ 
(brownish-
green) 
- - 
Liebermann-Burchard test + 
(purplish red) 
++++ 
(greenish or 
bluish and pale 
purple) 
+ 
(purplish-red and 
green) 
+++ 
(green) 
- ++++ 
(greenish-blue) 
+++ 
(purplish-red 
brown) 
Conc. H2SO4 + 
(purple) 
- + 
(purple) 
++ 
(green) 
- +++ 
(purple) 
- 
Shinoda test - - - - - + 
(reddish-
orange) 
- 
Dragendorff’s reagent  - - - - - - - 
Kedde’s reagent - - - - - - - 
Modified Borntrager test - - - - - - - 
 
composition responsible for this reaction could not be 
deduced.  However, both tests with vanillin/ sulfuric acid and 
potassium hydroxide solution could distinguish the heartwood 
of T. hoaensis from the other samples. 
Heartwood of M.  gagei showed a positive result to ferric 
chloride solution in accordance with its previous reports of 
phenolic compounds such as acetovanillone15, and 
mansoxetane. 16 The reaction with 10% potassium hydroxide 
solution produced a unique brownish-green color mixed with 
a slightly brownish-red color, distinctly distinguished it from the 
other samples.  Chromones, the main yellowish substances 
found in the heartwood of this plant, such as mansonone G12, 
was expected to produce this positive color. 
Heartwood of M.  fragrans gave clear positive results to 
several tests specifically a blackish or brown color to ferric 
chloride solution, a greenish- blue color to Liebermann-
Burchard test, a reddish-pink color to vanillin/sulfuric acid and 
a purple color to conc. sulfuric acid. Phenolic compounds and 
steroids were suggested from these results.  However, a 
phytochemical study of the heartwood of this plant has never 
been reported.  
Heartwood of D. decandra was the only sample that did 
not clearly show any positive result to ferric chloride solution. 
This result indicated that its main chemical composition was 
not phenolics. However, an intense purplish-red brown color 
to Liebermann-Burchard test suggested the presence of 
triterpenoids corresponding with its previous report.21 
 
Chemical fingerprints by thin-layer chromatograms   
Identification of crude drugs based on the chemical test is 
only a preliminary method, thus confirmation using chemical 
fingerprint is necessary. In general, thin-layer chromatography 
is the technique mentioned in pharmacopoeia.Although there 
already have been publications of TLC fingerprints of the 
heartwoods of these seven plant species11-13, but the detection 
spraying reagent used was anisaldehyde of which preparation 
is quite complex.  Detection under ultraviolet light also could 
not discriminate them (Figure 1) .  The objective of this study 
was to develop a simple and more efficient detection method 
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 Figure 1   TLC chromatograms using mobile phase (I) hexane-ethyl acetate-methanol (60:30:0.2) and (II) dichloromethane-
methanol-formic acid (60:10:1), detected under ultraviolet light at (A)  254 nm and (B) 366 nm.  
Track 1 = S. album, 2 = S. spicatum, 3 = S. lanceolatum, 4 = T. hoaensis, 5 = M. gagei, 6 = M. fragrans, and 7 = D. decandra 
 
to discriminate all seven plant samples by modifying from the 
results of the chemical test.  Three spraying reagents were 
examined, i. e.  vanillin/ sulfuric acid solution, 10% potassium 
hydroxide solution and acetic anhydride/sulfuric acid solution. 
Chromatographic system was referred to previous 
works. 11- 13 The mixtures of hexane- ethyl acetate-methanol 
(60: 30: 0.2) and dichloromethane-methanol-formic acid (60: 
10:  1)  were used for lower and higher polarity chemical 
compositions, respectively. The results indicated that 
potassium hydroxide solution was not a suitable spraying 
reagent regardless of mobile phases used (Figures 2AI and 
2AII) .  It gave a darker color with only the substances at the 
base of all chromatograms.  Only the yellow substance at Rf 
0. 42 of M.  gagei turned greyish-green similar to the result of 
the direct reaction of its extract with potassium hydroxide 
solution.  Bright yellow positive color of T.  hoaensis to 
potassium hydroxide solution in the chemical test was 
observed as a pale yellowish mark on the chromatogram with 
no separation of the band.  
All samples gave clear, unique chromatograms with 
vanillin/sulfuric acid spraying reagent. In hexane-ethyl acetate-
methanol (60: 30: 0.2) mobile system (Figure 2BI), two sample 
sets of Santalum heartwoods showed the same pattern (only 
the result of one sample set was showed in all figures). At the 
lower polarity region which was the substances in volatile oils, 
S.  album had two distinct bands.  The most obvious one was 
at Rf 0.78. Four distinct bands were observed for S. spicatum. 
Two were purple bands at Rf 0. 75 and 0. 98, and the other 
two were grayish-blue bands at Rf 0.7 and 0.9. S. lanceolatum 
had only one distinct purple band at Rf 0. 75.  In the region of 
Rf less than 0. 5, TLC patterns of all three Santalum species 
were similar, except that S. spicatum possessed an additional 
distinct brown band at Rf 0.3.  This mobile phase system was 
also suitable for the identification of M. gagei and M. fragrans. 
The yellowish substance of M. gagei at Rf 0.42 was slightly  
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 Figure 2  TLC chromatograms using mobile phase (I) hexane-ethyl acetate-methanol (60:30:0.2) and (II) dichloromethane-
methanol-formic acid (60:10:1), detected with (A) 10% potassium hydroxide solution, (B) vanillin/sulfuric acid solution, and (C) acetic 
anhydride/sulfuric acid solution. 
Track 1 = S. album, 2 = S. spicatum, 3 = S. lanceolatum, 4 = T. hoaensis, 5 = M. gagei, 6 = M. fragrans, and 7 = D. decandra 
 
darker and other bands were also appeared in light color, 
whereas M. fragrans possessed an obvious reddish-pink band  
at Rf 0.65 consistent with its chemical test result.  The mobile 
phase system of dichloromethane-methanol- formic acid (60: 
10:  1)  (Fig.  2BII)  was suitable for the identification of T. 
hoaensis and D.  decandra, suggesting high polarity of their 
chemical constituents. T. hoaensis had some brownish-purple 
bands in accordance with its chemical test result. D. decandra 
possessed two distinctly bright blue bands at Rf 0.35 and 0.95. 
However, this positive color was not detected when its extract 
was directly tested.  Other chemical constituents of D. 
decandra might interfere with the reaction.  
The use of acetic anhydride/ sulfuric acid solution as a 
spraying reagent gave the similar TLC patterns to those of 
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vanillin/ sulfuric acid solution, but less clear.  Nearly all of the 
bands were brown (Figures 2CI and 2CII). These results were 
not in correspondence with the chemical test of which 
Liebermann-Burchard test gave clear different positive colors 
to each sample.  An ethanol dilution for spray preparing 
possibly interfered with the reaction. To confirm by testing the 
sample extracts diluted in a small quantity of ethanol with 
Liebermann-Burchard test, the results were also not clear. 
Therefore, acetic anhydride/ sulfuric acid solution was not the 
suitable detection spraying reagent.  
 
Conclusion  
 
Heartwoods of seven plant species that are likely to be 
used as crude drugs named Chan- thet, Chan- hom, Chan-
chamot, Chan-khao and Chan-thana, were discriminated from 
each other by three chemical tests, i. e.  the test with 
vanillin/ sulfuric acid, 10%  potassium hydroxide test and 
Liebermann- Burchard test.  Heartwoods of three Santalum 
species and M.  fragrans were distinguished from the others 
by testing with vanillin/sulfuric acid. Their positive colors were 
magenta and reddish- pink, respectively.  Among Santalum 
species, S.  spicatum was further identified by its intense 
greenish or bluish positive to Liebermann- Burchard test, 
whereas S.  lanceolatum gave reddish-brown color to 10% 
potassium hydroxide solution, but S.  album gave unclear 
results to both reactions.  Identification of M.  fragrans was 
confirmed by its greenish- blue positive to Liebermann-
Burchard test. Heartwoods of T. hoaensis and M. gagei were 
discriminated from other samples by the test with 1 0 % 
potassium hydroxide solution, giving unique bright yellow and 
brownish- green colors, respectively.  Identification of T. 
hoaensis was further confirmed by its positive green color to 
Liebermann-Burchard test.  Among all samples, heartwood of 
D. decandra was the only one that gave a purplish-red brown 
color to Liebermann- Burchad test.  TLC method was also 
developed to confirm the identification of all plant species. The 
mixture of hexane-ethyl acetate-methanol (60: 30: 0.2) was 
the mobile phase for three Santalum species, M.  gagei and 
M.  Fragrans while the mixture of dichloromethane-methanol-
formic acid ( 60: 10: 1)  was used for T.  hoaensis and D. 
decandra.  The suitable detection was vanillin/ sulfuric acid 
spraying reagent.  Each plant species possessed a unique 
chemical chromatogram. Both chemical test and TLC methods 
were suggested to use together for the identification of the 
crude drugs named “Chan” according to their botanical origins.  
 
Acknowledgement   
The authors wished to thank all persons and organizations 
for providing authentic samples for this study.   
 
References 
1. National Drug System Development Committee. National list of essential 
medicines. 2018. (Accessed on July 1, 2018, at http://www.ratchakitcha. 
soc.go.th/DATA/PDF/2561/E/014/4.PDF) (in Thai)  
2. Department for Development of Thai Traditional and Alternative 
Medicine, Department of Medical Sciences, and Food and Drug 
Administration, Ministry of Public Health.  Monograph of selected Thai 
material medica, volume 1.  Bangkok.  Amarin Printing and Publishing, 
2009. (in Thai)  
3. Eastern Botanical Garden (Khao-hin-son), Center for Education of Khao-
hin- son under the Royal Development Project.  Herb in forestry herbal 
plantation of Khao-hinson. Chachoengsao. Jetanaromphan Partnership 
Limited, 2007. (in Thai) 
4. Eiadthong W. Let’s know about Mai-Chan and convention of royal family 
funeral. J Forest Manag 2008;2(4):29-45. (in Thai)  
5. Phonchan S.  Standard specifications of Chan daeng ( Pterocarpus 
santalinus L.  f. ) , Chan khao (Santalum album L. ) , and Chan pha 
(Dracaena cochinchinensis (Lour. )  S.  C.  Chen) .  Thesis of Master of 
Science. Khon Kaen. Khon Kaen University, 2009. (in Thai)  
6. Picheansoonthon C, Chavalit M, Jeerawong W. The explanation of royal 
medicine from Narayana textbook (King Bhumibol Adulyadej’ s Golden 
Jubilee 72 Years of Reign edition) .  Bangkok.  Amarin and Wisdom 
Foundation, 2001. (in Thai) 
7. Pongboonrod S. Exotic plants in Thailand: medicinal use of foreign and 
Thai traditional medicines. Bangkok. Krungthon Press, 1979. (in Thai)  
8. Soonthornchareonnon N, Ruangwises N.  Quality of Thai crude drug: 
research to sustainable development.  Bangkok.  National Research 
Council of Thailand, 2008. (in Thai)  
9. The Forest Herbarium, Forest and Plant Conservation Research Office, 
Department of National Park, Wildlife and Plant Conservation, Ministry 
of Natural Resources and Environment.  Thai plant names Tem 
Smitinand, revised edition (2014). Bangkok. National Office of Buddhism 
Publishing, 2014. (in Thai)  
10. Wutthamawech W.  Thai formula medicines 1.  Bangkok.  Silp Siam 
Packaging and Press, 2009. (in Thai)  
11. Srisopon S, Burana- osot J, Sotanaphun U.  Botanical identification of 
Chan-khao and Chan-thana by thin-layer chromatography. Thai Pharm 
Health Sci J 2015;10(1):19-24. (in Thai)  
12. Srisopon S, Burana-osot J, Sotanaphun U. Identification of Chan-chamot 
by thin layer chromatography. Thai Bull Pharm Sci 2016;11(1):47-57. (in 
Thai)  
13. Srisopon S, Burana- osot J, Sotanaphun U.  Botanical identification of 
Chan-thet and Chan-hom crude drugs by thin layer chromatography. J 
Thai Trad Alt Med 2017;15(1):3-13.  
14. Boldovini N, Delasalle C, Joulain D.  Phytochemistry of the heartwood 
from fragrant Santalum species: a review. Flavour Fragr J 2011;26:7-26. 
ไทยเภสชัศาสตรแ์ละวทิยาการสขุภาพ ปี 13 ฉบับ 3, กค. – กย. 2561  149 Thai Pharm Health Sci J Vol. 13 No. 3, Jul. – Sep. 2018 
15. ElL-Halawany AM, Chung MH, Ma CM, Komatsu K, Nishihara T, Hattori 
M.  Anti- estrogenic activity of mansorins and mansonones from the 
heartwood of Mansonia gagei DRUMM. Chem Pharm Bull 2007;55:1332-
1337. 
16. Tiew P, Takayam H, Kitajim M, Aimi N, Kokpola U. Chavasiri W. A novel 
neolignan, mansoxetane, and two new sesquiterpenes, mansonones R 
and S, from Mansonia gagei. Tetrahedron Lett 2003;44:6759-6761. 
17. Fransworth NR.  Biological and Phytochemical Screening of Plants.  J 
Pharm Sciences 1966;55:225-276. 
18. Department of Medical Sciences, Ministry of Public Health. Thai Herbal 
Pharmacopoeia 2017.  Bangkok.  The Agricultural Co- operative 
Federation of Thailand, 2017.  
19. E.  Merck.  Dyeing reagents for thin layer and paper chromatography. 
Federal Republic of Germany. 1980. 
20. Sakunpak A, Suksaeree J, Pathompak P, Settharaksa S, Sermkaew N. 
Phytochemical screening and free radical scavenging activity of selected 
Thai medicinal plants. Bull Health Sci Technol 2014:12;13-19.  
21. Nareeboon P, Kraus W, Beifuss U, Conrad J, Klaiber I, Sutthivaiyakit S. 
Novel 24- nor- , 24- nor- 2,3- seco- , and 3,24- dinor- 2,4- seco- ursane 
triterpenes from Diospyros decandra: evidences for ring A biosynthetic 
transformations. Tetrahedron 2006:62;5519-5526.  
 
  
 
 
  
 
 
Editorial note 
Manuscript received in original form on July 17, 2018;  
accepted in final form on September 7, 2018 
